Introduction {#s1}
============

Fibromyalgia (FM) is a clinical rheumatic condition characterized by chronic diffuse musculoskeletal pain associated with nonspecific symptoms such as fatigue, sleep and mood disorders, as well as with cognitive disorders such as poor concentration and memory \[[@R01], [@R02]\]. The disease is more often diagnosed in individuals in the age group of 35 - 60 years, but it can also affect younger and elderly individuals. The prevalence of FM in Brazil reaches up to 2.5%, and it is more often diagnosed in women \[[@R03]\].

FM is a multifactorial disease that changes central nociceptive pathways such as serotonin, dopamine and catecholamine. There is no evidence that a single event is responsible for FM development; many physical and/or emotional stressors can trigger or worsen its symptoms. The disease causes generalized pain, which affects the quality of life and leads to functional limitation in affected individuals \[[@R04]\].

Nowadays, it is well known that vitamin D is more than an essential nutrient (prohormone) to several tissues, as well as that it is involved in a whole range of biological systems rather than just limited to bone metabolism \[[@R05]\]. Vitamin D deficiency is not only associated with musculoskeletal disorders such as higher fracture rates, lower limb motor dysfunctions, osteomalacia and pain; it also acts in the pathogenesis and progression of several extra-skeletal disorders \[[@R06]\].

According to the literature, vitamin D plays a controversial role in FM pathophysiology \[[@R07]\]. Scientific studies are inconclusive about the relationship between FM and vitamin D concentrations, which makes it hard to suggest investigating or supplementing this vitamin \[[@R08]\]. Only two studies about the association between FM and vitamin D were published in Brazil \[[@R9], [@R10]\]; therefore, investigating this link is of great scientific importance given the potential negative impact of FM on patients' quality of life, and the hypothesis that vitamin D deficiency is a triggering or worsening factor of the disease. The current study had compared serum vitamin D concentrations measured in Brazilian FM patients (Northeastern region) to those of healthy controls, as well as investigated the possible association between such concentrations and the impacts of the disease.

Materials and Methods {#s2}
=====================

The study included FM patients in the age group of 18 - 60 years, who met the FM criteria set by the American College of Rheumatology (ACR) \[[@R02]\]. The adopted convenience sample comprised patients treated at the Outpatient Clinic of Joao Pereira dos Santos Rheumatology Polyclinic in Barbalha County, Ceara State, Northeastern Brazil. Participating in the study were patients who met the criteria of the ACR (2010) for FM, aged between 18 and 60 years. The survey also included a control group of healthy and eutrophic volunteers from the same region, matched by gender and age. Individuals from both groups were excluded if they were using vitamin D, or who had comorbidities that interfered with vitamin D absorption and metabolism, such as kidney or liver failure, malabsorption syndromes, inflammatory bowel disease, use of anticonvulsants, tuberculostatic drugs, in addition to pregnant and lactating women and diagnosed with other rheumatological diseases.

The geographical region where participants live in is located at latitude 7° South and longitude 39° West. The climate in this region is semi-humid, it does not present sudden temperature fluctuations, its mean temperature is 25 °C - temperature is lower in June and July. The region has approximately 12 h of sunlight throughout the day \[[@R11], [@R12]\].

The study followed a cross-sectional and controlled design. Participants were subjected to clinical evaluation, which was based on a questionnaire applied to collect sociodemographic data such as sex, age, skin color, disease characteristics, medications currently in use and lifestyle (exercising, sedentariness, smoking habit, alcohol consumption). Sunlight exposure and skin type were also investigated to complete the fibromyalgia impact questionnaire (FIQ), which comprised questions organized in 10 different items focused on investigating about participants' functional capacity, professional status, psychological disorders and physical symptoms. The greater the impact of the disease, the higher the score found \[[@R13]\]. Pain was assessed through the visual analogue scale (VAS). Participants' weight and height were measured in order to assess their nutritional status based on the body mass index formula: BMI = kg/m^2^ \[[@R14]\]; these values were classified based on recommendations by the World Health Organization \[[@R15]\]. The control group comprised healthy individuals whose information was collected from the database of a clinical research carried out concurrently. Individuals in the control group were assessed based on age, sex, exercising or sedentariness, sunlight exposure, skin type and vitamin D concentrations, but they were not evaluated based on the time they spent at home.

Data about FM patients and control individuals were collected from February to August 2016; this time-period corresponds to the summer, autumn and winter seasons. Participants were asked whether they were exposed to sunlight for at least half an hour per day, or at least 3 - 4 h per week, and whether they remained indoors most of the time. Skin phototype evaluation was based on the Fitzpatrick scale, which indicates skin tolerance to ultraviolet light based on patients' report about sunburn and tanning \[[@R16]\]: I (white, always gets burned when exposed to sun, never tans, very sensitive to the sun), II (white, always gets burned when exposed to sun, tans minimally, sensitive to the sun), III (light brown, burns moderately when exposed to sun, tans moderately, normal sensitivity to the sun), IV (moderate brown, burns minimally when exposed to sun, always tans, normal sensitivity to the sun), V (dark brown, rarely burns when exposed to sun, always tans, little sensitive to the sun), VI (black, never burns when exposed to sun, totally pigmented, not sensitive to the sun).

The quantitative 25-OH-D determination method is a direct competitive test based on the chemiluminescence immunoassay (CLIA) principle \[[@R17]\]; the herein used Beckman Coulter kit was measured in DXI 800 equipment. Vitamin D values were classified as deficient (≤ 20 ng/mL), insufficient (21 to 30 ng/mL) and sufficient (31 to 60 ng/mL) \[[@R18]\]. The following bone metabolism markers were measured in the group of patients: total calcium, albumin, phosphorus (colorimetric method) and parathyroid hormone (chemiluminescence method).

Data were analyzed in the IBM SPSS software version 23.0. Absolute and relative frequencies were calculated for qualitative variables, whereas mean and standard deviation were calculated for quantitative variables. The normality of the list of vitamin D measurements was assessed through Shapiro-Wilk test; results did not show significant values (P = 0.008), which indicated non-normality. Correlations were expressed through Spearman's correlation coefficient. Given data non-normality, Mann-Whitney, Kruskal-Wallis and Spearman correlation significance tests were applied to investigate the association between variables. Qualitative variables were subjected to Fisher's exact test. All inferential procedures adopted significance level of 5%.

The research was in compliance with the ethical aspects of human research and it was approved by the ethics committee of the ABC School of Medicine/ABC-FMABC Foundation, under number 50543115.4.0000.0082.

Results {#s3}
=======

Eighty-three (83) individuals participated in the study: 43 FM patients and 40 healthy controls, 81 women and two men (one in each group). Three FM patients and four controls reported having high blood pressure and using antihypertensive drugs; approximately 30% of FM patients were on antidepressants. Most FM patients (60.5%) reported being exposed to sunlight for at least half an hour a day, or at least 3 - 4 h a week, although they stay at home most of the time ([Table 1](#T1){ref-type="table"}). FM patients exposed to the sun presented significantly higher vitamin D concentrations than the non-exposed ones ([Table 2](#T2){ref-type="table"}).

###### FM Patients' Featuring (Qualitative Variables)

  Variables                     n    Percentage
  ----------------------------- ---- ------------
  Age group                          
    23 to 30 years              3    7.0
    31 to 40 years              14   32.6
    41 to 50 years              11   25.6
    51 to 60 years              15   34.8
  Skin phototype                     
    I                           4    9.3
    II                          9    20.9
    III                         21   48.9
    IV                          4    9.3
    V                           5    11.6
  Smoking                            
    Yes                         7    16.3
    No                          36   83.7
  Alcohol consumption                
    Yes                         3    7.0
    No                          40   93.0
  Exercising                         
    Yes                         15   34.9
    No                          28   65.1
  Exposure to the sunlight^a^        
    Yes                         26   60.4
    No                          15   34.9
    No information              2    4.7
  Indoors^b^                         
    Yes                         27   62.7
    No                          14   32.6
    No information              2    4.7

^a^Exposure to sunlight for at least half an hour a day, or at least 3 - 4 h a week. ^b^Staying indoors most of the days. FM: fibromyalgia.

###### Comparison Between Vitamin D Concentrations Based on Variables Investigated in Fibromyalgia Patients

  Variables                     n    Vitamin D concentration   
  ----------------------------- ---- ------------------------- ----------
  Skin phototype                                               0.889^a^
    I                           4    38.1 ± 12.9               
    II                          9    34.9 ± 13.0               
    III                         21   34.2 ± 10.1               
    IV                          4    39.8 ± 20.7               
    V                           5    30.3 ± 12.5               
  Smoking                                                      0.070^b^
    Yes                         7    40.2 ± 10.5               
    No                          36   33.7 ± 12.1               
  Alcohol consumption                                          0.431^b^
    Yes                         3    35.8 ± 2.1                
    No                          40   34.7 ± 12.5               
  Exposure to the sunlight^c^                                  0.001^b^
    Yes                         26   39.5 ± 12.6               
    No                          15   27.1 ± 6.4                
  Indoors^d^                                                   0.022^b^
    Yes                         27   31.9 ± 11.0               
    No                          14   40.9 ± 12.8               
  Exercising                                                   0.516^b^
    Yes                         15   33.4 ± 12.3               
    No                          28   35.5 ± 12.0               

^a^Kruskal-Wallis test. ^b^Mann-Whitney test. ^c^Exposure for at least half an hour a day, or at least 3 -4 h a week. ^d^Staying indoors most of the days.

With respect to skin phototype, 48.9% of patients presented type III, 20.9% presented type II and 11.6% presented type V; phototypes I and IV recorded the lowest rate (9.3%), and no one presented phototype VI ([Table 1](#T1){ref-type="table"}). Phototype IV individuals presented the highest vitamin D concentration (39.8 µg/mL, on average) and they were followed by phototype I individuals (38.1 µg/mL); phototype V individuals presented the lowest vitamin D concentration. There was statistically significant difference in skin phototype between FM patients and controls (P = 0.023) ([Table 3](#T3){ref-type="table"}).

###### Comparison of Analyzed Variables Between Fibromyalgia Patients and Controls

  Variables                       Patients      Controls      P value
  ------------------------------- ------------- ------------- ----------
  Age^a^                          44.3 ± 10.2   41.2 ± 11.5   0.232^b^
  Body mass index (kg/m^2^)^a^    27.8 ± 5.7    26.2 ± 5.4    0.222^b^
  Vitamin D^a^                    34.8 ± 12     34.7 ± 12.3   0.806^b^
  Deficient, n (%)                3 (7.0)       0 (0.0)       
  Insufficient, n (%)             15 (34.8)     20 (50.0)     0.132^c^
  Normal, n (%)                   25 (58.1)     20 (50.0)     
  Skin phototype, n (%)                                       0.023^d^
    I                             4 (9.3)       \-            
    II                            9 (20.9)      15 (37.5)     
    III                           21 (48.8)     19 (47.5)     
    IV                            4 (9.3)       6 (15.0)      
    V                             5 (11.6)      \-            
  Smoking^e^, n (%)               7 (16.0)      1 (2.5)       0.059^d^
  Alcohol consumption^f^, n (%)   3 (7.0)       1 (2.5)       0.617^d^
  Exercising^g^, n (%)            15 (34.9)     10 (25.0)     0.350^d^

^a^Mean ± standard deviation. ^b^Mann-Whitney test. ^c^Chi-square test. ^d^Fisher's exact test. ^e^Current smokers. ^f^Daily or sporadic alcohol drinker. ^g^Regular exercisers.

All FM patients presented moderate-to-severe pain based on the VAS; 76.7% of them presented severe pain and 23.3% had moderate pain. In total, 45.4% of patients with severe pain recorded vitamin D levels lower than 30 ng/mL, whereas only 9% of them recorded values lower than 20 ng/mL; there was not statistically significant difference between these patients. The negative correlation between vitamin D concentration and FIQ values was significantly weak, i.e., patients presenting stronger disease impact had low vitamin D concentrations ([Table 4](#T4){ref-type="table"}).

###### Correlation Between Clinical and Laboratory Variables Investigated in the Control Group

  Variables                    Vitamin D concentration   
  ---------------------------- ------------------------- -------
  Age                          -0.094                    0.398
  FIQ                          -0.360                    0.018
  VAS                          -0.221                    0.155
  Body mass index (kg/m^2^)    -0.169                    0.126
  Calcium                      0.139                     0.376
  Albumin (g/dL)               0.070                     0.658
  Phosphorus (mg/dL)           -0.065                    0.678
  Parathyroid hormone (Unit)   -0.383                    0.011

FIQ: fibromyalgia impact questionnaire; VAS: visual analogue scale.

[Table 3](#T3){ref-type="table"} presents the global mean vitamin D levels and their classification as deficient, insufficient and sufficient. There was not statistically significant difference in global mean values of vitamin D between groups. Only 4.8% of FM patients presented vitamin D deficiency, whereas the control group did not present such deficiency; 39.8% of FM patients had insufficient vitamin D levels and 55.4% of them presented sufficient levels of it. No patient presented severe vitamin D deficiency (\< 10 µg/mL).

This study conforms to STROBE statement (Strengthening the Reporting of Observational Studies in Epidemiology) \[[@R19]\].

Discussion {#s4}
==========

The cutoff point adopted for 25-OH-D concentrations was the one recommended in the 2011 Endocrine Society (ES) Guideline, according to which, individuals can be classified as vitamin D deficient (values lower than 20 ng/mL), insufficient (values equal to or higher than 20 ng/mL and lower than 30 ng/mL) and sufficient (values equal to or higher than 30 ng/mL up to 100 ng/mL) \[[@R18]\].

The association between vitamin D levels and FM syndrome, whether there is association between hypovitaminosis D and FM, is conflicting in the literature. Armstrong et al \[[@R20]\] evaluated vitamin D levels in 75 FM patients; their results showed that 13.3% of patients were vitamin D deficient, 56% were vitamin D insufficient and 30.7% had normal vitamin D levels; however, there was no correlation between vitamin D levels and FIQ. Okyay et al \[[@R21]\] analyzed vitamin D levels and biochemical markers in 79 women with FM syndrome and in 80 healthy women; their results showed serum vitamin D levels lower in FM patients than in healthy controls. Vitamin D level was significantly and negatively correlated to VAS, tender point count and FIQ \[[@R21]\]; however, this association was not observed in other studies \[[@R22], [@R23]\].

The study conducted by de Rezende Pena et al \[[@R9]\] in Brazil did not show correlation between vitamin D levels and FM, or association between pain intensity (regardless of FM diagnosis) and vitamin D deficiency or insufficiency.

The present study did not show statistically significant correlation between vitamin D concentrations and FM, and this outcome can be associated with the exposure of most patients and controls to sunlight for more than 30 min a day. However, patients presenting higher FIQ scores recorded lower vitamin D levels - this parameter was not evaluated in the Brazilian study and it may be associated with lower exposure to sun due to limited functional capacity. It is also likely that the most symptomatic individuals are more careful when it comes to being exposed to the sun (by avoiding it), or that they use sunscreen more often than healthy individuals, although photoprotection was not evaluated in the current study. Other studies did not present statistically significant correlation between disease impact and vitamin D concentrations \[[@R24], [@R25]\].

Intervention studies focused on vitamin D supplementation have criticized methodology aspects such as small sample size, population heterogeneity and study design, few double-blind and placebo-controlled trials. The literature review conducted by Straube et al \[[@R26]\] has analyzed therapeutic studies that together have assessed 733 patients; one-third of these studies was based on randomized double-blind trials and only 22 (10%) of them showed significant pain improvement due to vitamin D supplementation. A recent study was conducted with 74 FM and hypovitaminosis D (vitamin D concentrations lower than 30 ng/mL) patients who were randomized into two groups: one group was treated with 25 mg of trazodone associated with 50,000 IU of cholecalciferol, whereas the other group received the same dose of trazodone associated with placebo. Pain-related indices, such as the generalized pain index and quality-of-life scale (SF-36), recorded the most noticeable improvement in patients subjected to the trazodone/vitamin D therapy \[[@R27]\].

Hypothetically, vitamin D can contribute to FM symptoms by affecting neuronal excitability, activating signal transduction systems, inhibiting COX-2 expression and by degrading prostaglandin. In addition, vitamin D lowers tumor necrosis factor (TNF) alpha levels and inhibits the synthesis of nitric oxide, which acts as an important neurotransmitter in central sensitization processes. One can also argue about whether vitamin D deficiency does not result from negative effects on patients' diet, in addition to the low exposure to sun due to mood changes often seen in FM patients \[[@R21]\]. Although most FM patients investigated in the current study presented sufficient vitamin D concentrations, vitamin D deficiency was found only in the FM group. This outcome can be associated with their low exposure to sun and to the fact the FM group was less physically active.

Despite the high incidence of sunlight in Brazil for most of the year, vitamin D deficiency persists. According to a study conducted in Recife (PE) \[[@R28]\], individuals exposed to the highest solar index presented the highest skin phototype categories, and it suggested that their skin got tanned due to exposure to sunlight. Most patients assessed in the current study presented skin phototype III; the lowest vitamin D concentrations were recorded for skin phototype V, but mean vitamin D values were similar between phototypes - there was no statistically significant difference between them. The assessment of skin areas exposed to the sun was a potential limitation of the current study, although most individuals reported exposure time beyond that required to enable the photoconversion of the recommended amounts of vitamin D in the skin, namely, at least 30 min a day \[[@R29]\]. In addition, serum vitamin D concentrations were not measured in the spring, when vitamin D stocks in the liver had already been used, a fact that limits the effect of seasonal fluctuations on vitamin D biosynthesis \[[@R30]\].

There was no statistically significant association among BMI, alcohol consumption, smoking and exercising. Despite the findings in the current study, the association between obesity and FM was evaluated in some studies, whose results showed variation of 20-30% in overweight and 40-50% in obesity in FM patients \[[@R31], [@R32]\]. Aspects such as the genetic profile of the investigated population, use of antidepressant drugs and eating habits can explain such divergent results.

Conclusion {#s4a}
----------

In conclusion, FM patients did not show lower vitamin D concentrations, or higher frequency of vitamin D insufficiency/deficiency, than healthy controls living in the same region. However, they presented slight negative correlation between serum vitamin D levels and the stronger impact of FM-associated symptoms.
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